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The scramble for Africa: pan-temperate elements on the African
high mountains
Abstract
The composition of isolated floras has long been thought to be the result of relatively rare long-distance
dispersal events. However, it has recently become apparent that the recruitment of lineages may be
relatively easy and that many dispersal events from distant but suitable habitats have occurred, even at
an infraspecific level. The evolution of the flora on the high mountains of Africa has been attributed to
the recruitment of taxa not only from the African lowland flora or the Cape Floristic Region, but also to
a large extent from other areas with temperate climates. We used the species rich, pan-temperate genera
Carex, Ranunculus and Alchemilla to explore patterns in the number of recruitment events and region of
origin. Molecular phylogenetic analyses, parametric bootstrapping and ancestral area optimizations
under parsimony indicate that there has been a high number of colonization events of Carex and
Ranunculus into Africa, but only two introductions of Alchemilla. Most of the colonization events have
been derived from Holarctic ancestors. Backward dispersal out of Africa seems to be extremely rare.
Thus, repeated colonization from the Northern Hemisphere in combination with in situ radiation has
played an important role in the composition of the flora of African high mountains.
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AcceptedThe composition of isolated floras has long been thought to be the result of relatively rare long-distance
dispersal events. However, it has recently become apparent that the recruitment of lineages may be
relatively easy and that many dispersal events from distant but suitable habitats have occurred, even at an
infraspecific level. The evolution of the flora on the high mountains of Africa has been attributed to the
recruitment of taxa not only from the African lowland flora or the Cape Floristic Region, but also to a large
extent from other areas with temperate climates. We used the species rich, pan-temperate genera Carex,
Ranunculus and Alchemilla to explore patterns in the number of recruitment events and region of origin.
Molecular phylogenetic analyses, parametric bootstrapping and ancestral area optimizations under
parsimony indicate that there has been a high number of colonization events of Carex and Ranunculus into
Africa, but only two introductions of Alchemilla. Most of the colonization events have been derived from
Holarctic ancestors. Backward dispersal out of Africa seems to be extremely rare. Thus, repeated
colonization from the Northern Hemisphere in combination with in situ radiation has played an important
role in the composition of the flora of African high mountains.
Keywords: biogeography; test of monophyly; dispersal; colonization; Afroalpine; island floras1. INTRODUCTION
Isolated floras such as on Hawaii, the Gala´pagos and the
Macaronesian Islands have long been thought to have
evolved following a minimum of rare long-distance
dispersal events (Cowie & Holland 2006; Lomolino et al.
2006). However, recent evidence indicates that long
distance dispersal may be more frequent than previously
recognized (de Queiroz 2005; Levin 2006; Heaney 2007;
Harbaugh et al. 2009; Schaefer et al. 2009). Alsos et al.
(2007) even suggested that plant recruitment to the
isolated Arctic island Svalbard is limited by establishment
and not by dispersal. They showed additionally that
Svalbard was colonized from various source areas. This
importance of geographically widespread recruitment
areas in the assembly of floras was also demonstrated for
the Cape flora, where lineages were traced from South
America, North America, Eurasia, Africa and Australasia
(Galley & Linder 2006). Similarly, far flung source areas
have been documented for the flora of Hawaii (Wagner
et al. 1990) and New Zealand (McGlone et al. 2001;
Winkworth et al. 2005; McDowall 2008).
The cool-adapted flora of the high mountains in
tropical and southern Africa (figure 1) is sharply distinct
from the lowland tropical flora. Whereas the tropical flora
is mainly composed of pan-African genera belonging to
Takhtajan’s African subkingdom (Takhtajan 1986), the
mountain flora contains elements derived from the Cape
Floristic Region, the Mediterranean, the Northern
Hemispheric and the Southern Hemispheric temperateic supplementary material is available at http://dx.doi.org/10.
b.2009.0334 or via http://rspb.royalsocietypublishing.org.
r and address for correspondence: Department of Botany,
ity of Cape Town, Private Bag X3, 7701 Rondebosch, South
berit.gehrke@uct.ac.za).
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6 April 2009 2657regions, in addition to some lineages derived from the
lowland tropical flora (Engler 1892, 1904; Hedberg 1961,
1965, 1970). These scattered high mountains and
mountain ranges can, by analogy to oceanic islands, be
referred to as ‘sky islands’. Their cool-adapted floras have
always been well separated from each other, and also from
extra-African areas with similar climatic conditions and
vegetation types, by large expanses of much drier
surrounding lowland habitats (Hedberg 1970; Bru¨hl
1997; Cohen et al. 1997; Menocal de 2004). There have
only been few biogeographical analyses of taxa from the
African mountain flora. A number of groups from
the Cape Floristic element, for example, were shown to
be derived from several unidirectional colonization events,
which entered the tropical mountains from the south
(Galley et al. 2007). Most of these colonizations from the
Cape Floristic Region resulted in small radiations in
the tropical mountains. Other species (e.g. Arabis alpina,
Lychnis and Cardamine) have been shown to have been
derived from colonizations from the north (Koch et al.
2006; Carlsen et al. 2007; Popp et al. 2008). However,
patterns of recruitment of the pan-temperate element,
which constitutes the largest component of this flora
(Hedberg 1961), are not known.
Here, we use three typical pan-temperate genera
(Carex, Ranunculus and Alchemilla) to investigate the
patterns in the recruitment of this floral element.
Considering the enormous distances between the African
mountains to other locations of the pan-temperate flora,
we ask whether the pan-temperate recruitment was by a
minimal number of dispersals (comparable with the
situation in Hawaii) or repeated dispersal by the same
species (comparable with the Svalbard model). Secondly,
we investigate whether the pan-temperate taxa areThis journal is q 2009 The Royal Society
500 m
1500 m
3000 m
high mountains
1000 km
Figure 1. Distribution of the high mountain areas in Tropical
and Southern Africa (black).
2658 B. Gehrke & H. P. Linder The scramble for Africa
 on 10 June 2009rspb.royalsocietypublishing.orgDownloaded from recruited from all areas where they occur (as seems to be
the normal situation), or from a limited subset of regions.
Finally, we investigate whether reverse colonization, that
is, out of Africa, occurs.2. MATERIAL AND METHODS
(a) Taxon sampling
We focused on the more or less globally distributed, mostly
cool-climate (i.e. pan-temperate) genera Carex, Ranunculus
and Alchemilla, which are species rich, geographically wide-
spread and have a wide altitudinal range in the African high
mountain flora. We refer to the African high mountain flora as
species found above 2300 m in Tropical Africa, 1500 m in
Southern Africa outside the Cape Floristic Region as well as
on Madagascar above 2000 m. We included as many taxa
as possible from outside the African high mountains to
improve the reliability of the monophyly test (appendices
1 and 2 in the electronic supplementary material). Where
possible, multiple accessions for each species from geographi-
cally distant locations in Africa were included. This was done
to test the monophyly of the species and to detect problems
arising from introgression and paralogues that are commonly
found in highly polyploid groups such as Carex, Ranunculus
and Alchemilla.
The genus Carex (or the tribe Cariceae, if the endemic
African genus Schoenoxiphium is included) is, with approxi-
mately 2000 species, the largest clade in the Cyperaceae. The
section Vigneastra, also referred to as subgenus Indocarex,
comprises mainly tropical or subtropical Carex species, the
African distribution of which is largely outside the African
high mountain regions. Taxa of Vigneastra were therefore only
included to test the affiliation of individual species to the
section, and were excluded from the biogeographical
inferences made. There is no recent revision or monograph
of Carex; however, Gehrke’s (2008) synopsis of sub-Saharan
and Madagascan Carex lists 81 species for the area. Out of
these 81 species, 43 occur on the high mountains, the
remaining species either belong to section Vigneastra
(30 species), occur only in lowland areas of Eritrea and
Madagascar (2 species), the Cape Floristic Region (4 species)
or have been introduced very recently (2 species). Within
the tribe Cariceae, an additional 20 of the approximate
25 species of Schoenoxiphium are present in the African highProc. R. Soc. B (2009)mountain areas. Owing to the availability of data from a
number of recent molecular phylogenetic studies of Carex
(Yen & Olmstead 2000; Roalson et al. 2001; Hendrichs et al.
2004a,b; Roalson & Friar 2004; Starr et al. 2004), we were
able to include over 600 accessions representing approxi-
mately 550 species in our analyses. Cariceae from the high
African mountains are represented by 82 accessions of
43 taxa, which accounts for 68 per cent of the 63 taxa from
the high mountains in Africa in the subtribe. An additional
18 accessions represent 14 taxa of Indocarex All other
sequences were downloaded from NCBI GenBank (appendix
1 in the electronic supplemetary material). The total matrix of
602 accessions included 554 sequences of nuclear ITS and
365 of the chloroplast marker trnL–trnF.
With approximately 600 species, Ranunculus (the butter-
cups) is the largest genus within Ranunculaceae (Tamura
1995). Buttercups are cosmopolitan. Most species occur in
temperate to Arctic/subantarctic regions (Paun et al. 2005),
in terrestrial or aquatic habitats and in coastal to alpine
vegetation. In the tropics, they are restricted to tropic-
alpine or high mountain habitats. Two hundred and thirty
Ranunculus species were included in the analyses, represent-
ing material from all continents and including representatives
of all subgenera and sections (Ho¨randl et al. 2005; Paun et al.
2005). Out of the 232 accessions of Ranunculus analysed,
27 represent 16 out of the 20 African taxa (80%), missing
only four species endemic to Ethiopia and the Rwenzori
Mountains. New sequences for African material were
generated for nuclear ITS and a chloroplast marker (matK;
appendix 2 in the electronic supplemetary material), and all
other accessions were downloaded from NCBI GenBank.
The genus Alchemilla has a global distribution (Fro¨hner
1995). According to Gehrke et al. (2008), the African
members form two clades, referred to informally as ‘the
Afromilla clade’ and the ‘Aphanes clade’. The Afromilla clade
is endemic to tropical Africa (approx. 20–25 species),
southern Africa (4–6 species) and Madagascar (6 endemic
species). Most herbaceous Alchemilla species in Africa are
widespread, whereas many woody taxa are found only on
single mountains (i.e. Rwenzori) or montane regions
(Ethiopia or Tropical East Africa). In addition to the
Afromilla clade, a single species of Alchemilla subgenus
Aphanes occurs in Ethiopia (A. bachiti ). However, it is rare
and we were not able to sample it for this study. Sequence
alignment of nuclear ITS and chloroplast trnL–trnF, as well as
the molecular phylogenetic reconstruction, was as described
in Gehrke et al. (2008).
(b) DNA extraction, PCR amplification and
sequencing
Leaf material was pulverized using a Regget Machine and
DNA was extracted using DNeasy extraction kit (Qiagen).
Polymerase chain reactions (PCR) were performed in 25 ml
reactions (1!PCR buffer, with 2.5 mM MgCl2, 0.25 mM
dNTPs, 1.6 mM primers and 1 unit of Taq polymerase
(Sigma-Aldrich, USA) in a Biometra Thermocycler
TGradient (Biometra, Go¨ttingen, Germany). Either 2 ml
BSA or 1 ml BSA and 1 ml EDTA was added to each reaction.
The ITS1–5.8S–ITS2 region and the trnL-F intergenic
spacer together with the trnL intron were amplified and
sequenced using primers ITS-I and ITS4 (Urbatsch et al.
2000) and trnLF-c and trnLF-f (Taberlet et al. 1991) for
Carex. For Ranunculus, the protocol of Ho¨randl et al. (2005)
for the ITS and matK-region was used. PCR products were
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Biosciences, Otelfingen, Switzerland). Cycle sequencing
was carried out on an ABI Prism, LA, USA 3100 Genetic
Analyzer (Applied Biosciences, Foster City, CA, USA) using
BIGDYE TERMINATOR v. 3.1. Forward and reverse strand
sequences were edited using SEQUENCER v. 4.2. (Genecode)
and aligned by hand using SEQUENCE ALIGNMENT EDITOR
v. 2.0 (Rambaut 2002).
(c) Phylogenetic analyses
Simple indel coding (Simmons & Ochoterena 2000) was
performed by hand for Cariceae and using SEQSTATE v. 1.32
for Ranunculus (Mu¨ller 2005), excluding ambiguous areas in
the alignment. An initial analysis of Cariceae including all
taxa for the ITS and trnLF separately using TNT with
standard ‘new technology’ settings (Goloboff et al. 2003)
identified three clades of taxa corresponding to subgenera
Carex (including Vigneastra), Vignea and Psyllophora, with the
latter including Kobresia, Schoenoxiphium and Uncinia sensu
(Ku¨kenthal 1909; appendix 4 in the electronic supplemetary
material). Subsequent parsimony analyses were performed on
these three clades separately as well as on Ranunculus, using
PAUP v. 4.0.b10 (Swofford 2001), with heuristic search of
1000 replicates, random sequence addition, tree bisection-
reconnection branch swapping, MULTREE on (keeping
multiple, equally parsimonious trees), saving a maximum of
50 trees per replicate. Support was assessed using 1000
replicates of non-parametric bootstrap analysis using the
same settings as in the heuristic search. The nuclear and
plastid loci of Cariceae and Ranunculus were analysed
separately, and since no conflicting nodes received bootstrap
support 70 per cent or more, the loci were combined.
The phylogenetic trees of Alchemilla, based on ITS and
trnL–trnF data, were taken from Gehrke et al. (2008)
and were constructed using the same methods as those for
Cariceae and Ranunculus.
Bayesian analysis was performed as implemented in
MRBAYES v. 3.1.2 (Huelsenbeck & Ronquist 2001). We
identified the general time-reversible model with gamma-
distributed rates (G) and a proportion of invariable characters
(I ) as best fitting the sequence data of the individual loci in
the Cariceae and Ranunculus matrices, using MODELTEST
v. 3.7 (Posada & Crandall 1998) applying the Akaike
information criterion. The prior values for the number of
parameters in the DNA substitution models were therefore
set to NSTZ6CGCI. The dataset was partitioned into ITS
and trnLF loci, and parameter values of each varied
independently. These settings were duplicated for two or
three independent Markov chain Monte Carlo runs of each
matrix (as below), with three heated and one cold chain each,
sampling every 1000 generations from the cold chain.
In Cariceae, Bayesian analyses were carried out separately
for each of the subgenus taxon sets with the combined data,
and with the following number of generations and runs:
Psyllophora taxon set, 2!2 000 000 generations; Carex
subgenus Vignea, 3!5 000 000 generations; for subgenus
Carex, 2!10 000 000 generations. Ranunculus was analysed
using two separate, independent runs of 5 000 000 gener-
ations. Convergence and sampling of model parameters were
estimated using the program TRACER v. 1.3 (Rambaut &
Drummond 2005). Topologies sampled prior to convergence
to the optimal mean log likelihood plateau were discarded as
burn-in (2!3 000 000 generations for Carex subgenus Carex,
3!1 000 000 generations for Carex subgenus Vignea,Proc. R. Soc. B (2009)2!1 000 000 generations for Carex section Psyllophora
and 2!1 000 000 generations for Ranunculus), and clade
posterior probabilities were computed from the remaining
trees as a measure of node support.
(d) Parametric bootstrapping as a test of monophyly
We determined the minimum number of colonization events
needed to constitute the African high mountain floras of the
study groups, by locating the largest possible clades with an
ancestral area in the high mountains of Tropical and
Southern African. We used parametric bootstrapping
(Huelsenbeck et al. 1996) to evaluate whether the monophyly
of even larger, more inclusive clades is rejected by the data
(which would reduce the number of colonization events
needed). We investigated whether the increase in tree length
caused by constraining the monophyly of such groups of
African taxa could be due to stochastic processes of sequence
evolution. For details on parametric bootstrapping and the
different constraints used, see appendix 4 in the electronic
supplemetary material.
(e) Ancestral area reconstruction
In order to locate the geographical origin of each African high
mountain clade, the distribution ranges of their ancestral nodes
were reconstructed using unambiguous parsimony optimi-
zation as implemented in MESQUITE v. 2.0 (Maddison &
Maddison 2006). We incorporated phylogenetic uncertainty
by using all most parsimonious trees, summarizing the
resulting optimizations on the Adams consensus tree, one of
the most parsimonious trees and the majority rule consensus.
The Adams consensus was used because it is particularly
useful for identifying common tree structure when one or more
taxa have very different positions in the trees of the profile. The
areas used were (i) African high mountains, (ii) western
temperate and boreal Eurasia, (iii) eastern temperate and
boreal Eurasia (iv) the Mediterranean region including North
Africa and Macaronesia, (v) North America, (vi) South
America and (vii) Australasia. The Cape Floristic Region
was not coded separately since only one of the taxa included
the analyses is restricted to this area.3. RESULTS
A summary of each clade of African high mountain taxa
used in our analyses can be found in table 1, and the
consensus tree of Ranunculus from the parsimony analysis
is presented in figure 2 as an example of the phylogenetic
trees. For a more detailed description of these clades and
the phylogenetic trees, see the electronic supplementary
material (appendices 3 and 5 in the electronic suppleme-
tary material). There were at least 13 colonization events
into the African high mountains by Carex and 4–6
colonization events by Ranunculus (figure 3). Parametric
bootstrapping confirmed the non-monophyly of the
African high mountain clades, indicating that they have
been derived from different non-African high mountain
ancestors (appendix 4 in the electronic supplemetary
material). In some cases, the closest related species could
not be identified due to weak support values or incomplete
taxon sampling (appendix 5 in the electronic supple-
metary material). However, all African high mountain
clades are nested within Northern Hemisphere clades, and
the inferred colonizations were mainly from temperate
Eurasia (appendix 6 in the electronic supplemetary
Table 1. African high mountain clades in molecular phylogenetic analysis of Carex, Ranunculus and Alchemilla. (Bootstrap
support values and Baysian clade credibilities of the monophyly of the clades in the combined analyses of ITS and trnLF are
given. Bootstrap support values are indicated at the left and Bayesian clade credibilities in brackets. Clades with higher support
for one marker region are marked with an asterisk and the value given after the slash. E. Eura., eastern Eurasia; W. Eura., western
Eurasia; Med., Mediterranean and Northern Africa; N-Am., North America.)
clade names clade support reconstructed ancestral area
Carex subgenus Carex
A K/67 (0.93) Med.
B one accession W.Eura.
C 99 (1.00) W.Eura.
D 70 (K) N-Am.
E 66/89(K) N-Am./E.Eura.
F 58 (K) N-Am.
G 99 (1.00) W.Eura
Carex subgenus Primocarex and other Cariceae
H 100 (1.00) N-Am.
I (Schoenoxiphium) K (0.99) W.Eura.
J 100 (1.00) W.Eura.
Carex subgenus Vignea
K 81/91(0.99) N-Am.
L 100 (K) W.Eura./Med.
M 97 (1.00) W.Eura/Med.
Ranunculus
N 97/0.98 E.Eura.
O K (K) E.Eura. (0–2)
P 67/1.00 Med.
Q 86 (1.00) E.Eura.
R one accession E.Eura.
S one accession W.Eura.
Alchemilla
Afromilla clade 100 (1.00) E. Eur.?
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mountains could not be rejected; however, no such event
is supported (appendix 3 in the electronic supplemetary
material). Parsimony optimizations revealed four to eight
colonizations by Carex from temperate Eurasia, one to
three from the Mediterranean and four to five from North
America. For Ranunculus, parsimony optimizations
suggest five to six colonizations from temperate and boreal
Eurasia and one from the Mediterranean, none from
North America and none from South America (figure 3).
Alchemilla (i.e. the Afromilla clade) was reconstructed as
originating from eastern Eurasia (appendix 6 in the
electronic supplemetary material).4. DISCUSSION
(a) Multiple recruitments into the high mountains
in Tropical and Southern African
We show that Alchemilla, Carex and Ranunculus colonized
the high mountains of Africa several times. This pattern
has also been reported for other temperate groups present
in the African mountains such as Myosotis, Swertia,
Cardamine and Trifolium (Chassot et al. 2001; Bleeker
et al. 2002; Winkworth et al. 2002a; Ellison et al. 2006;
Carlsen et al. 2007), as well as for clades centred in the
Cape Floristic Region but which reach into the high
African mountains, e.g. Pentaschistis, Disa, Iridaceae
(Galley & Linder 2006). Hedberg (1965) postulated that
two-thirds of all species of the high African mountains are
derived from other areas, a proportion greatly in excess of
that estimated here for Alchemilla, Carex and Ranunculus.
However, the numbers of dispersal events to ‘islands’ areProc. R. Soc. B (2009)usually underestimated, especially in the absence of
phylogeographic studies. Where there is no evidence to
the contrary, members of a taxon are assumed to have
resulted from single-colonization event followed by in situ
radiation (Grant 1996; Alsos et al. 2007), as has been
reported for most taxa of the Hawaiian flora (Price &
Wagner 2004). This assumption may be incorrect. For
example, A. alpina colonized the African high mountains
from the Holarctic at least twice (Koch et al. 2006).
Furthermore, the number of recruitments can be under-
estimated when taxon delimitation itself has been
influenced by geographical distribution, as is often the
case in large groups with extensive distribution areas (such
as Carex and Ranunculus). Consequently, even the high
numbers of colonization events reported here (13 for Carex
and 4–6 for Ranunculus) are likely to be underestimates of
the real number of colonizations, and therefore of dispersal
events, into the high mountain flora of Africa.
These results illustrate the frequency of multiple
recruitments into the African mountains. Nevertheless,
single colonizations followed by in situ differentiation,
which are often associated with the assembly of island
floras, have been reported for some plant groups, e.g.
Lychnis (Popp et al. 2008) and the Giant Senecio,
Dendrosenecio (Knox & Palmer 1995; Pelser et al. 2007).
Many African genera or supra-generic taxa on the high
mountains have been established from single coloniza-
tions, e.g. the alpine Chironomidae (Insecta: Diptera;
Eggermont & Verschuren 2007), several flightless insect
genera (Bru¨hl 1997), the Ethiopian wolf (Canis simensis;
Gottelli et al. 2004) and several groups of birds (Fjeldsa˚ &
Lovett 1997; Roy 1997; Johansson et al. 2007).
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Figure 2. Strict consensus tree of Ranunculus based on the combined nuclear ITS and matK dataset reconstructed using
parsimony; bootstrap support values above 50 are given above branches and Bayesian clade credibility values above 0.95 are
given below branches. Accessions from Africa are indicated by grey type. Non-African taxa are represented by
their distribution according to Ho¨randl et al. (2005). A full tree description is found in the electronic supplementary
material appendix 5.
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Figure 3. Results of ancestral area reconstructions. Thickness of arrows represents the number of inferred colonization events
into the African high mountain areas. (a) Carex/Cariceae; (b) Ranunculus; (c) Alchemilla (Afromilla clade).
Table 2. Distance between different putative source regions
and the African high mountains.
area distance (km)
Western Eurasia 3500–5000
Mediterranean 2000–3500
Eastern Eurasia 4000–5000
temperate
North America
11 000–13 000 (Cameroon 10 000)
temperate Hawaii 16 000–18 000
temperate South
America
8000–9000
Pa´ramo 10 000–12 000
temperate Malesia 7000–10 000 (Madagascar 6000)
aseasonal-wet
Australia
10 000–12 000 (Madagascar 9000)
New Zealand 10 500–13 000
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high mountains
We have little evidence for dispersal out of Africa in general
and out of the African high mountains in particular.
Increased taxon sampling and better phylogenetic resolu-
tion might yet reveal such events, in particular in Carex
acutiformis and in the clades N and O of Ranunculus
(figure 2). The former was thought to occur naturally only
in Europe and hence introduced to South Africa and North
America by European settlers. However, C. acutiformis may
be nested in a clade with the southern African Carex
aethiopica and Carex drakensbergensis. Consequently, the
most parsimonious interpretation is dispersal from Africa to
Europe. Phylogenetic uncertainty also limits our con-
clusions with regard to Ranunculus praemorsus and
Ranunculus vaginatus. The ancestral area reconstructions
for some of the most parsimonious trees (though not for
the Adams consensus) lead us to infer dispersal out of the
African high mountains (for the Adams consensus see
appendix 6 in the electronic supplemetary material, others
not shown). Reverse dispersal appears to be similarly rare
towards the south, and no instances of dispersal from the
African high mountains into the Cape flora have been
substantiated (Galley et al. 2007).
Contrary to these results, dispersal from islands to the
mainland has been reported for both animals (Heaney
2007) and plants (Canary Islands: Allan et al. 2004;
New Zealand: Winkworth et al. 2002b). There are several
possible explanations for this unusual pattern in the
African high mountain flora. First, this might be the result
of the small total area occupied by the flora of the high
mountains in African, and consequently of the low
number of species and relatively small populations they
support compared with other temperate areas. Second,
the relative youth of the system (which was probably
formed during the Plio–Pleistocene) might have reduced
the opportunity for dispersal from the high mountains of
tropical and southern Africa to other areas.Proc. R. Soc. B (2009)(c) The Holarctic as a source of recruitment of the
high mountains in Africa
All clades from the high mountains in Africa in the three
pan-temperate genera investigated here were recruited
from temperate areas in the Northern Hemisphere. The
source areas of Carex clades include not only Eurasia but
also North America, which is surprising given the distance
between North America and the African mountains
(approx. 10 000 km, table 2). This suggests that either
distance alone is not the limiting factor for dispersal in
Carex or that our ancestral area reconstructions might
have been influenced by limited taxon sampling. For
example, the high number of inferred colonization events
of Carex from North America could be due to the North
American bias in taxon sampling, since eastern Eurasian
Carex is relatively undersampled. Dispersal from North
American to Africa is, however, not without precedent, for
example in Pomaria (Simpson et al. 2006). It is interesting
that there does not seem to be any recruitment from the
mountain areas in the tropics (such as the Andean pa´ramo
or Malesian mountain regions) and extra-African
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Australia or New Zealand Alps, or the southern Andes),
even though all three genera are well represented in these
areas. The same pattern is shared by other temperate
elements in the African sky-islands, such as A. alpina,
Trifolium, Cardamine and Lychnis (Ellison et al. 2006;
Koch et al. 2006; Carlsen et al. 2007; Popp et al. 2008).
The predominance of a northern origin for high-montane
or alpine floras has also been demonstrated for the Andes
(Von Hagen & Kadereit 2001; Hughes & Eastwood 2006;
Sklenar & Balslev 2007) and New Zealand (Winkworth
et al. 2005). However, clades once established on
these mountains often colonize successfully across the
southern Pacific Ocean, and across the Tasman Sea
(Von Hagen & Kadereit 2001; Crisp et al. 2004; Glenny
2004; Winkworth et al. 2005; Eggens et al. 2007), forming
part of a worldwide alpine-temperate element (Smith &
Cleef 1988).
Our results show that the African pan-temperate
element as identified by Engler (1904) and Hedberg
(1961) is probably entirely Northern Hemisphere derived
and therefore Holarctic, making the Holarctic the most
important source of lineage recruitment of the African
high mountain flora of Tropical and Southern Africa.
We predict that this also applies to other important
temperate elements worldwide, such as Poa, Festuca,
Agrostis, Cardamine, Cerastium and Luzula.
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